PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 



2001-217680 



(43)Date of publication of application : 10.08.2001 



(51)lnt.CI. 



H03H 9/64 



H03H 9/145 



(21) Application number : 2000- (71)Applicant : TOYO COMMUN EQUIP 



(64) LONGITUDINALLY COUPLED SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To planarize the passing band of a filter constituted 
by cascading two primary-tertiary longitudinally coupled double-mode SAW 
filters, and to set the voltage standing wave ratio(VSWR) to less than 2. 
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electrodes with electrode finger pitch L1 , The pitch of the center IDT electrode of 
one double-mode SAW filter is set to L2, electrode fingers are removed 
symmetrically from both sides of the IDT electrode, and the removed electrode 
fingers are connected to facing IDT electrodes to form dummy electrodes with 
pitch L2, which is made larger than LI . 
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CLAIMS 



[Claim(s)] 

[Claim 1] While carrying out contiguity arrangement of the three IDT electrodes in 
the propagation direction of a surface wave at the principal plane top of a piezo- 
electric substrate In the filter which carried out 2 cascade connection of the 
primary 3rd [ -] length joint dual mode SAW filter which arranged the grating 
reflector in the both sides While setting to L2 the pitch of the IDT electrode 
arranged in the center of one dual mode SAW filter of said filter and making it 
fewer than the IDT electrode which has arranged the electrode finger of this IDT 
electrode in the center of the dual mode SAW filter of another side The vertical 
joint surface acoustic wave filter which is a filter which replaced with the lessened 
electrode finger and has arranged the dummy electrode of a pitch Ld, and is 
characterized by making a pitch L2 larger than the electrode finger pitch L1 of the 
other IDT electrode. 

[Claim 2] The vertical joint surface acoustic wave filter according to claim 1 

characterized by being referred to as 1.001<L2/L1<1.015. 

[Claim 3] Claim 1 characterized by making the pitch Ld of said dummy electrode 

equal to L1 , or a vertical joint surface acoustic wave filter given in two. 

[Claim 4] Claim 1 characterized by making the pitch Ld of said dummy electrode 

equal to L2, or a vertical joint surface acoustic wave filter given in two. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the surface acoustic 
wave filter which carried out flattening of the pass band property of the cascade 
connection mold dual mode SAW filter which differed in the I/O impedance 
mutually about a surface acoustic wave filter. 
[0002] 

[Description of the Prior Art] In recent years, especially many surface acoustic 
wave filters to a cellular phone etc. are used from having the description which 
was used widely and was [ nature / high performance, small, / mass production ] 
excellent in the communication link field. The primary 3rd [ -] length joint mold 
dual mode SAW filter of the former [ drawing 5 ] While being the top view 
showing the configuration of the filter which carried out two-step cascade 
connection of (calling a dual mode SAW filter hereafter) and carrying out 
contiguity arrangement of the three IDT electrodes 11, 12, and 13 along the 
propagation direction of a surface wave on the principal plane of the piezo- 
electric substrate P The grating refiectors (a reflector is called hereafter) 14a and 
14b are arranged in the both sides of these IDT electrodes, and the 1st dual 
mode SAW filter is constituted. Furthermore, while carrying out contiguity 
arrangement of the three IDT electrodes 15, 16, and 17 in parallel with the 1st 
dual mode SAW filter. Reflectors 18a and 18b are formed in these both sides, the 
2nd dual mode SAW filter is constituted, cascade connection of the 2nd dual 
mode SAW filter is carried out to the 1st, and a concatenation mold dual mode 
SAW filter is constituted. The IDT electrodes 11, 12, and 13 which constitute the 
1st dual mode SAW filter are constituted by the tandem type electrode of the 
couple which has two or more electrode fingers put mutually in between, 
respectively, they are the central IDT electrodes 11, while go away, connect a 



form electrode to an input terminal IN, and ground the tandem type electrode of 
another side. Furthermore, it is the IDT electrodes 12 and 13 of both sides, while 
it goes away, a form electrode is connected with the input of the 1st dual mode 
SAW filter and the 2nd dual mode SAW filter arranged symmetrically, 
respectively, and the tandem type electrode of another side is grounded, 
respectively. 

[0003] Although the 2nd dual mode SAW filter as well as [ almost ] the 1st dual 
mode SAW constitutes, the points which the logarithm of the central IDT 
electrode 15 was made fewer than the logarithm of the IDT electrode 1 1 of the 
1st dual mode SAW filter, only the number of the electrode fingers which 
decreased formed the dummy electrodes D1 and D2 of a tandem type, went 
away the ground side, and have been connected to a form electrode, 
respectively differ. The output impedance was made by this high (for example, 
200ohms) for the input impedance low (for example, 50ohms), and impedance 
matching with the circuit of the preceding paragraph and the latter part is realized. 
And all of the electrode finger pitch (a pitch is called hereafter) of the IDT 
electrodes 11, 12, and 13 and the IDT electrodes 15, 16, and 17 and the pitch of 
the dummy electrodes D1 and D2 suppose that it is the same. 
[0004] Since two or more surface waves excited with the IDT electrodes 11, 12, 
and 13 are shut up among Reflectors 14a and 14b, and carry out the acoustic 
turnover of the actuation of the 1st dual mode SAW filter shown in drawing 5 as 
everyone knows and two vertical resonance modes, the primary order [ 3rd ], are 
excited by stress with an IDT electrode pattern, it operates as a dual mode SAW 
filter using these two modes by giving suitable termination. In addition, the pass 
band width of this dual mode SAW filter of being decided by the delta frequency 
of primary resonance mode and the 3rd resonance mode is well known. 
Moreover, actuation of the 2nd dual mode SAW filter is the same as that of the 
1st dual mode SAW filter. In addition, it considers as a cascade connection mold 
filter for making attenuation slope of a filter larger than the case of being 
independent, and making the inhibition zone magnitude of attenuation high as 



everyone knows. 

[0005] Drawing 6 (a) 881 .5MHz and bandwidth for center frequency 25MHz, That 
the two-step concatenation mold dual mode SAW filter which set the I/O 
impedance to 50ohm and 200ohm, respectively should be manufactured The 39 
degreeY cut X propagation LiTa03 is used for a piezo-electric substrate. The 
logarithm of the central IDT electrodes 11 and 15, respectively 19.5 pairs, The 
logarithm of 13.5 pairs and the IDT electrodes 12, 13, 16, and 17, respectively 
13.5 pairs. It is drawing having shown the filter shape at the time of setting the 
number of 6 and Reflectors 14a, 14b. 18a, and 18b into 200, and setting 
electrode layer thickness to 6.5%lambda (wavelength of an electrode period) for 
the dummy electrodes D1 and D2, respectively. 
[0006] 

[Problem(s) to be Solved by the Invention] However, like the pass band property 
of a filter which shows the conventional I/O impedance in drawing 6 (a) in the 
concatenation mold filter in which it differed, the big ripple arose in the low-pass 
side of a pass band, and there was a problem that a 869 to 894MHz [ which is 
demanded as specification of RF filter of a cellular phone ] passband (a slash 
shows) did not fulfill the specification of 3.5dB or less. Furthermore, the problem 
that specification or less of two was not fulfilled also had VSWR shown by 
hatching in said band so that the voltage standing wave ratio (VSWR) measured 
to drawing 6 (b) from the both sides of an input side (continuous line) and an 
output side (broken line) might be shown. Drawing 7 (a) and (b) are the Smith 
charts measured from both I/O of the above-mentioned cascade connection mold 
filter, near the passband, draw a big circle and are surging. It Is shown that the 
I/O impedance of a filter is not 50 ohms of a request so that clearly from this 
curve. In addition, since the I/O impedance of a filter was designed with 50ohm 
and 200ohm, respectively, when measuring VSWR of an output side, the 
impedance converter (transformer) was used. Moreover, connecting an 
inductance to juxtaposition at a terminal impedance, and planning impedance 
matching as a means which makes the passband of RF filter flat, is known. Then, 



it is the Smith chart which drawing 8 carried out parallel connection of the 
inductance 39nH by considering an input side as as [ 50 ohms ] at the output 
side, and measured, and an input side to (b) measures [ drawing 8 (a) ] from an 
output side through a converter. Even if it connects an inductance to juxtaposition 
at an output side, it turns out that the impedance characteristic by the side of I/O 
does not improve. It is made in order that this invention may solve the above- 
mentioned problem, and while a pass band property is flat, a VSWR property 
aims at offering the concatenation filter which fulfilled desired specification (2 or 
less). 
[0007] 

[Means for Solving the Problem] Invention of the vertical joint surface acoustic 
wave filter applied to this invention in order to attain the above-mentioned object 
according to claim 1 While carrying out contiguity arrangement of the three IDT 
electrodes in the propagation direction of a surface wave at the principal plane 
top of a piezo-electric substrate In the filter which carried out 2 cascade 
connection of the primary 3rd [ -] length joint dual mode SAW filter which 
arranged the grating reflector in the both sides While setting to L2 the pitch of the 
IDT electrode arranged in the center of one dual mode SAW filter of said filter 
and making it fewer than the IDT electrode which has arranged the electrode 
finger of this IDT electrode in the center of the dual mode SAW filter of another 
side It is the filter which replaced with the lessened electrode finger and has 
arranged the dummy electrode of a pitch Ld, and is the vertical joint surface 
acoustic wave filter characterized by making a pitch L2 larger than the electrode 
finger pitch L1 of the other IDT electrode. Invention according to claim 2 is a 
vertical joint surface acoustic wave filter according to claim 1 characterized by 
being referred to as 1.001<L2/L1<1.015. Invention according to claim 3 is claim 1 
characterized by making the pitch Ld of said dummy electrode equal to L1 , or a 
vertical joint surface acoustic wave filter given in two. Invention according to 
claim 4 is claim 1 characterized by making the pitch Ld of said dummy electrode 
equal to L2, or a vertical joint surface acoustic wave filter given in two. 



[0008] 

[Embodiment of the Invention] This invention is explained to a detail based on the 
gestalt of operation shown in the drawing below. While drawing 1 differs in the 
I/O impedance concerning this invention mutually While being the top view 
showing the configuration of the cascade connection mold duplex mode filter 
which made the input side unbalance and made the output side the balanced 
circuit and carrying out contiguity arrangement of the three IDT electrodes 1 , 2, 
and 3 along the propagation direction of a surface wave on the principal plane of 
a piezo-electric substrate (not shown) Reflectors 4a and 4b are arranged in the 
both sides of these IDT electrodes, and the 1st dual mode SAW filter is 
constituted. Furthermore, while carrying out contiguity arrangement of the three 
IDT electrodes 5, 6, and 7 in parallel with the 1st dual mode SAW filter, 
Reflectors 8a and 8b are formed in these both sides, the 2nd dual mode SAW 
filter is constituted, cascade connection of the 2nd dual mode SAW filter is 
carried out to the 1st, and a cascade connection mold dual mode SAW filter is 
constituted. The IDT electrodes 1, 2, and 3 which constitute the 1st dual mode 
SAW filter are constituted by the tandem type electrode of the couple which has 
two or more electrode fingers put mutually in between, respectively, they are the 
IDT electrodes 1, while go away, connect a form electrode to an input terminal IN, 
and ground the tandem type electrode of another side. Furthermore, it is the IDT 
electrodes 2 and 3, while it goes away, a form electrode is connected with the 
input terminal of the 2nd dual mode SAW filter, respectively, and the tandem type 
electrode of another side is grounded, respectively. 

[0009] Although the 2nd dual mode SAW filter as well as [ almost ] the 1st dual 
mode SAW filter constitutes While considering the electrode finger of the central 
IDT electrode 5 as a configuration which deleted the IDT electrode 1 of the 
center of the 1st dual mode SAW filter from both sides to the symmetry The this 
eliminated electrode finger was formed as dummy electrodes D1 and D2 of a 
comb mold, and it is the IDT electrodes 6 and 7 of both sides, while went away, 
and has connected with a form electrode (in the case of drawing, it is the tandem 



type electrode of the earth side). Here, each pitch of the IDT electrodes 1 , 2, and 
3 is set to L1 , and both the pitches of L1 , L2, L1 , and the dummy electrodes D1 
and D2 are set to Ld for the pitch .of the IDT electrodes 5, 6, and 7, respectively. 
[0010] The description of this invention is having made the pitch L2 of the IDT 
electrode 5 of the 2nd dual mode SAW filter larger than these pitches while all 
making equal each pitch L1 and Ld of the IDT electrodes 1,2, and 3, the IDT 
electrodes 6 and 7, and the dummy electrodes D1 and D2. Moreover, while 
making a pitch L5 and a pitch Ld almost equal (L2**Ld), it is having made it larger 
than a pitch LI . 

[001 1] Here, the two-step concatenation mold dual mode SAW filter which set 
center frequency to 881 .5MHz and set 25MHz and an I/O impedance to 50ohm 
and 200ohm for bandwidth, respectively was made as an experiment, and while 
making pitches L2 and Ld almost equal, it was made larger (L2/L1=1 .012) than a 
pitch LI . The 39 degreeY cut X propagation LiTa03 is used for a piezo-electric 
substrate. The logarithm of the central IDT electrodes 1 and 5, respectively 19.5 
pairs, The logarithm of 13.5 pairs and the IDT electrodes 2, 3, 6, and 7, 
respectively 13.5 pairs. The Smith chart which measured the dummy electrodes 
D1 and D2 from the input side and output side of a filter at the time of setting the 
number of 6 and Reflectors 4a, 4b, 8a, and 8b into 200, and setting electrode 
layer thickness to 6.5%lambda (lambda= 2L1), respectively is shown in drawing 2 
(a) and (b). In addition, parallel connection of the inductance 39nH has been 
carried out to the output side of a filter. It has checked that the impedance curve 
was rotating about 50ohms near the pass band of a filter clearly from drawing 2 
R> 2 like. 

[0012] Both drawing 3 (a) is filling 25MHz or more and 3.5dB or less of insertion 
losses of demand specification with the pass band property of the above- 
mentioned cascade connection mold filter. Moreover, it is clearer than drawing 
that drawing 3*s (b)'s measured value of an input side (continuous line) and an 
output side (broken line) is filling two or less [ of demand specification ] with 
VSWR near the pass band. When the electrode finger pitch ratios L2/L1 took 



variations, such as etching, into consideration from various experiments, it was 
larger than 1.001 , and when it was 1.015 or less, while making the pass band 
property of a filter flat, it became clear that it could consider as the value of a 
request of VSWR. 

[0013] Drawing 4 is other examples concerning this invention, and is the top 
views showing the configuration of the two-step cascade connection mold dual 
mode SAW filter which it considered [ SAW filter ] as the unbalanced circuit also 
with I/O, and changed the I/O impedance mutually. IDT electrode 5' of the center 
of the 2nd dual mode SAW filter, the dummy electrode D*1 , and D'2 differ from 
drawing 1 . That is, the 2nd dual mode SAW filter went away the ground side 
which becomes the tandem type electrode for an output of IDT electrode 5', and 
a pair, and has connected this dummy electrode D'1 and D'2 to a form electrode, 
respectively while it is equipped with the dummy electrode D'1 and D'2 among 
central IDT electrode 5' and the central IDT electrodes 6 and 7 of both sides. And 
both the pitches of the IDT electrodes 1, 2, 3, 6, and 7 make L'd L'2, the dummy 
electrode D'1, and the pitch of D'2 for the pitch of IDT electrode 5' while setting 
them to L1 equally. The description of this example is referred to as U2>L1 while 
making it into U2**L'd. The electrode finger pitch ratio U2 / LI was larger than 
1.001 as a result of various experiments, and when it was 1 .015 or less, it turned 
out that a desired pass band property and VSWR are filled. 
[0014] Although RF filter which uses the 39 degreeY cut X propagation LiTaOS 
for a piezo-electric substrate above, and is applied to a cellular phone was 
explained to the example, this invention may not be limited only to this and may 
be applied to RF filter of other applications using piezo-electric substrates, such 
as lithium niobate, lithium tetraborate, and langasite. 
[0015] 

[Effect of the Invention] It could constitute RF filter with as small VSWR near the 
passband as [ or less ] two while the passband of a cascade connection mold 
dual mode SAW filter where I/O impedances differ mutually carried out flattening 
of it, since this invention was constituted as explained above. And since this 



invention can also constitute an input-unbalance mold and an output-balanced 
type filter, if it is adopted as the cellular phone with which the interior of a device 
consists of a digital circuit and an analog circuit, the effectiveness excellent in 
noise reduction is expressed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the configuration of the cascade 

connection mold dual mode SAW filter concerning this invention. 

[Drawing 2] By the Smith chart of the cascade connection mold dual mode SAW 

filter concerning this invention, (a) measures an input side to (b) from an output 

side. 

[Drawing 3] (a) of the cascade connection mold dual mode SAW filter concerning 
this invention is a pass band property, and (b) is a VSWR property near the pass 
band. 

[Drawing 4] It is the top view showing the configuration of the cascade 
connection mold dual mode SAW filter of other examples concerning this 
invention. 



[Drawing 5] It is the top view showing the configuration of the conventional 
cascade connection mold dual mode SAW filter. 

[Drawing 6] It is drawing in which (a) of the conventional cascade connection 
mold dual mode SAW filter shows a pass band property, and (b) shows the 
VSWR property near the pass band. 

[Drawing 7] By the Smith chart of the conventional cascade connection mold dual 
mode SAW filter, (a) measures an input side to (b) from an output side. 
[Drawing 8] By the Smith chart at the time of carrying out parallel connection of 
the inductance to the output side of the conventional cascade connection mold 
dual mode SAW filter, (a) measures an input side to (b) from an output side. 
[Description of Notations] 
6 1, 2, 3, 5, 5', 7 .. IDT electrode 
4a, 4b, 8a, 8b Grating reflector 
D1, D*1, D2, D'2 .. Dummy electrode 

L1 , L2, U2, Ld, the electrode finger pitch of a Ud..lDT electrode 
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[Drawing 6] 
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^^^l|3SbT»^i^o -ebT, IDTmffill. 12, 1 
3SC;^I DTmSl 5, 16, 1 7(;)m®fitr^y^ (Jl^ 
T, M^y^hm-t) ^^Xf. ^a-mSDl, D20tr 

[0 0 0 4] 05 iC^fB 1 CO— at— H S A W:7 ^ )V 

^osif^fi, ^aicoct^t;!, iDTmsii, 12, 1 

3{Cj;-:>T®®$n'5mSc<^^ffitS:0^*^S*§§l 4 a, 1 

u^n^tzi^. m^i^^m^mtz.^\z^K>z.ni^<D2 

oot— F iJffl L;rc-St— F S AW7 ^ t. UT 

ftf^-r-So ^— at— FSAw:7^;i/5^<ojlig« 
1 ^^^c^^lit— F <i: 3 :**St- F ^O^iSScHt? 

F s Aw:7 -< )V9(omv^\tw, 1 (o-at— f s aw >< 

[0 0 0 51 0 6 (a) ti, fpi^j^feSc^88L 5MHz, » 
«*i^25MHz, Am^-Olf-^VX^rttlt'nSOQ, 2 

OOQ t b;^ 2 l5Jae^^-mt- F s aw:7 ^^fp 

4^*C0 I D T«® 11,15 (D?^S[^tn^ni9. 5*t, 
13. 5^*, IDT«S12, 13, 16, 1 1 O^til^^^ 

n^ni3. 5*t, y^— mffiDi, D2^tn"^n6*, 

jSSt^l4a, 14 b, 18 a, \ S h<Di^WL^'tn^ 
n200*, m«ii^^€r6. 5%A (^S^SBO&fi) ^:L.;/t 
^ <Z) :7 >f ; 1/ ^ ^ ^ b 0 T- ^ ^ o 
[0 0 0 6] 

xti^f2'i>\f.—y>y^^:s.u\zmz\^tz.mmmy^}v^ 
{c:feviTH, 06 (a) \z7^Ty ^ (r>m.^WM^<o 

»m^<^>R F y ^ yV^(Dm^t bT^*$n-5869MH 
z^^^894MHzCOili^^^ mUX^^) 7$>^3. 5dBR 



3 

\z. me (b) [zxtfM mm tttittm mm (dm 
'^f)^ibm\&i.rcmE.m&i&it (vswr) €:^t"<fc^ 

(a) , (b) \t±mmf^mf^my ^ )]^^<Dxmt!M:^ 

-f > bT- > X ti^ n^nSO Q <!: 200 Q <h ^ifU T ^ ^ 
x^aiS (h^>x:7^--7-) ^fflv^^o RF 

un^mm^mi^xM'^vrzx^xm^x. ms (a) 
A:^fflj75^6> (b) f)^^m^^ift\^xmt!m'f)^^m\^i^ 
rch<ox'$>^. ^iim\zmm\z-(>^^9>x^mm\^ 

T A m iHiJ CO -<> ti — y > X ^Np 14 & » ^ ti T 0 ^ V i 

^.tf)^»f)^^. ^^m\^±Mf^m^m^'t^rz.mzf^^ 
tirzh(Dx^^x. ^^mw^f>wmx$>^tmz. v 

SWRit#tt;^^*^aoS*& (2J[^T) ^tSfcL;^c^gl:7^ 
[0 0 0 7 ] 

m(omm\^. Bm&w.<D^M±^z^^m(DB.m:^\^\z3 
-DO) I Drmm^j&mMm'r^tmz. ^<Dmm\z^u 

H s A w:7 -< ^ 2 ■::>ia^JBcS^ b;^ y ^ (cis 

**tcBae'r'5 1 DTmstotf^y^^L 2 <hb> mid 
Tmmommm'^m:^<Dzzm'^— k s aw:7 >r jv^co^ 
^{zmmvrziDTmm<^Dh'>tii<'r^^^iz. 
< vrzmmmzi%pLx\fy^Ld(Dy^''mm^s^mv 

ti> 1. 00KL2/LK1. 015i:U/cC<h^ 

d^L 1 iim\^<i^rzzLt^^mhr^m^mi^^^^ 

\t2$^m(Dm^^^^i^^m^^y>(ji'^x^^. m^m4 

[0 0 0 8] 

[^^(7)^McD?^^] }^AT^^m'^mm\z^i^rznm<D 
^m\z&':^\r^xmm^zmm^^o mi\t^mm^z%^x 
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ihii^ >\^'-y>7.^m'^\zm\z'r^hmz. xtjm^ 
y ^ )]^^(omfSi^^^W'^mx$>^x. mmsis 

DTmai. 2. s^iasiBS-r-gxh^^ic, cnecoi 
DTm^o)mm\zKM^4 a. 4b^mwtvxmi(Dzz 

m'e—\^SAwy^)\^^^m^'t^o $b{c> mico— 

m'^—\^SAV/y^JV^t^nVX3^(D I DTmfil 

10 S8a, 8 b$^ttTm2(Oz:S^:-HSAW:7-<;i.i$^ 

^^^b. mi i:m2<ozim^-HS AW:7^;U^^^ 

^-r^o mico-m^-HSAw>'^;i.5^^^^-r'5 1 
DTmsi. 2, 3Ji-^n^'nsiitcppijf L-a-'pffiigc:* 

DTmm 1 (D—yj(D< Lmmm\txt)^'TmzmmL'^ 

3 <o-:^a) < b ji^mffiii-en-^nm 2 (t^zis^-- h s a 

[0 0 0 9] ^2(Dr:S^— HSAW:7^;l/^{COl^T 

^i(D-m'e—YSA'^y>()v^^mimmzm^ 

H S AW:7^;i/^<0ft'*cD I DT^Sl €:Mffl75^^*tl^ 
gij b J: ^ T^cC T ^ <h ^ , K^iJ^ b Tzmm^^ 

^< b^CD^^— mSD 1> D 2 <hbTJ^fifebT> Mffl 

ffil, 2> 3cot:>y^^limt>L 1 i:b. IDTmS 
30 5. 6. 7 cOtf^y^^^tl^'nL 1 . L2. LI, 
— aSDl, D2c^)hf^;/5^€:*tCLd tf^o 
[0 0 1 01 *%§g<0!KFgfi:ti. IDTmffil> 2. 3, 
IDTttSe, 7&D^^^— mSDl, 0 2(0^^1-^*^1 
(Otf^y^Ll, Ld^l^-rnt>#b<-r^<i:*tC, Ctl 
^cOhf^;/5^J;OII2<Ozim^— HS AW:7^;V^cO I D 
T^SSOOe^y^L 2$:;^#< bfcClchTib^o 
tf 5 <hey5^Ld<?:^t5tS^b< (L2^=?Ld) 

[0 0 11] dCl-e, fJ^'^^SSC^SSl. 5MHz. »«ig^ 
40 25MHz, Am;^-r >tf-^>A^^n^*ti50Q> 200Q(h 
b^2g:*6Eii^^-fi^-HS AW>^>r;u^€:tSf^b, e 

^y^L 2 <hL d ^^{5ff^b<'r ^<h*JCtf ^y^^L 1 J: 
D;^#< (L2/'L 1=1.012) b^o l£«S1StC39' 
Y;^ y hxemiTaOa^ffil^^, tf^tOIDTmSl. 5 
<0^|&^^tl^'ni9. 5^t, 13. 5?*, IDTS®2, 3, 

6, 7(?:>*^3s^-€-n^ni3. 5*t, y^—mmvi. 02 

- ^^n-^^ne:*:, jS#t§§4a. 4b> 8 a, 8 b (0*|gc 
^^n-en2002^. «®]^j?€r6.5%A (A = 2L1) «h 

b fc«^ CO :7 ^ ;l/ ^ <o A :^ i&J ^ tli ;^ iiy 6 aa^ b ^ X ^ 

50 AglS^0 2 (a) , (b) iC^To ^'cC^d, y^)V^(0 
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CO 0 1 2] ms (a) \t±m<Dmmis^Wimy ^ 

T^mzmrz\^xi^^^o ^fz. ms (b) itm^Sim&m 

(DvswRxxijm (^^) > ihijm mm) (omi&m. 

f)^x$>^. m^(Dmmf)^^mmm^y'^ith 2/l i lo 

[0 0 13] m4\t^^m\zm^m(DMmmx\ xihtj 
hh^wmm^ti.. Amti-<>}d-y>7.^m^\zm 
fx ^-frfc 2 mm^mmm=im'e- h s awv ^ )v^(Dm 

— HSAW:7^;i/^<Z)**<z) I DT«S5 • ty^—n 

ffiD' 1. D' 2T^^o IP^. ^2<Dz:S^-KSA 20 
W:7-<;i/^«tt»*<0 I DXmSS * i:^C0P5fiiJ<^ I DT 

t^\z. my^—mmD' i. 2^iDTmffi5* 

•etl^'nSlglbTl^^o -?-bT. IDTmSl> 2, 
3. 6. KD^^y^it^^Z^L.KLlLt^Lmz. I 
DTmSS' c?)tf^y^^L* 2, i5^a-«SD' 1, 
D' 2C0hf^y5"^L' dhT^o C(DmmM(Of^W^ 
L' 2 = L* d«hTS«h*tC, L* 2>L 1 <hb;^;ii: 
T^^o a^<^lll^C0*S^SSJgt:^y5^itL* 2/L 1 30 
L 00 1 <fc 0 < , 1.01 5J!^TT ^n«mM<7>ilifi«E4# 

[0 0 14] ±IBTt;iJE«Sffifc39'* Y:^^>r hxemi 

TaOa^^ ^^xm^mm^zmm-r^ Rpy^jv^ ^m\zwt 
mLrc^^^^m\tz,n(D^\z^^-r^ho)x\tfsi<s - 

m,^WL'km^^tz^(om^^o:>RFy ^ )V^\zmm\yX^^ 

[0 0 15] 
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c^^cD^a^] \^j.±.m.m\^rz^o\zm^\^tz 
(DX\ xih:b^ >\^-y>7.f)m^^i>zm^^f&f^mi^m 

— S^- K S AW'7 >f ;PiS7(0iSia^«?&^¥Sft:-r S (h* 
(C, jlil^^ia^c^VSWR;fJf^*2J!^T-i:/h$?^RF 

-^^mm. i!iti~^^mmy-c)i^^^m^^^z.tf)^x 

[i^l] *^^{c:«^)^^^^^z:m^-KSAW:7>f 

[^2] :^^^{C^^l^Jgg«M§l-S^-HSAW:7^ 
JI/:$^cOX^XSS-t?. (a) taA*fflJ;5^^> (b) 

[0 3] ^^^gtC^-S^^SJ^S-S^r-HS AWy^>< 

;i.^cD. (a) (b) \tmm^&m<Dv 

m4] :^mmiiZ^^m(Dmmm<Dfstm^mm=:.m'E- 

[0 5] «£*<0^^gJgg^— a^-HSAW:7.r;U5'Cr) 

[0 6] t;e3i^co^^}g^^^mt-Ks Aw:7^;i/5^ 
(D, (a) «3ii^«iNFtt. (b) \tmmm,^m(Dv SW 

R^ii^^-trnx^^o 

[0 7] «£*COSiE^ggg^-a^-HSAW>'^;i.^CD 
X^X0^-C, (a) JiA^rfiiJ^^f^^. (b) Jim*fflii75^ 

^m^i^rz'h<Dx^^o 

[0 8] se*<oi^i^JtiiiM-a^-HSAW:7.f ;i.:^<D 
^X\ (a) tiA:t?fi'i7!)^e>, (b) t^ai:t;ffiy7i^^ay^L 

1. 2> 3> 5. 5' , 6, 7 • • I DTMm 

4 a. 4b. 8a. 8b- - ^U-y^-C>^KMm 

Di.D' i.D2>D'2- - y^—mm 

L1.L2, L'2,Ld.L'd--I DT®S(Dm 
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